Introduction
Systemic hypertension is very common in Nigeria. 1 Complications of systemic hypertension in Nigeria include ischemic heart disease, stroke, congestive heart disease, and renal failure. [2] [3] [4] [5] [6] [7] The retinal vascular abnormalities from systemic hypertension are usually a pointer to systemic morbidity and mortality. 8 There is a strong association between hypertensive retinopathy and blood pressure. 9 Systemic hypertension produces vascular wall dam-
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Oluleye et al age in various organs such as the heart, eye, brain, and kidney. Systemic hypertension also produces damage in the optic nerve, choroid, and retina known as neuropathy, choroidopathy, and retinopathy, respectively. Hypertensive retinal changes include vascular narrowing, arteriovenous changes, occlusion, and exudation. In severe hypertension, increased retinal hemorrhages and optic nerve head swelling may be observed. 10 A previous study showed a close relationship between retina vascular changes and ventricular hypertrophy. 11 Proteinuria is also strongly associated with advanced retinopathy. 12 Microaneurysms, cotton wool spots, and retinal hemorrhages can predict stroke, cardiac morbidity, and mortality, 13 whereas mild retinopathic changes are not strongly associated with target organ damage. 14, 15 However, retinal changes of any grade were reported to have a moderate accuracy in predicting coronary heart disease and, hence, may be used as an early screening tool in a resource-poor setting. 16 The high rate of hypertensive retinopathy in Afro-Caribbeans may be due to other factors such as age rather than blood pressure alone. 17 Controversy exists on the prevalence of hypertensive retinopathy in Nigeria. 18, 19 There is paucity of data; hence, there is the need to revisit the topic. The aim of this study was to describe the retinal vascular abnormalities in patients aged ≥40 years who attended the hypertension clinic of the medical outpatient department of the University College Hospital, Ibadan.
Patients and methods
Study design
This was a cross-sectional hospital-based study. The descriptive component of this study included the prevalence and the description of the types of retinopathic changes, while the analytical component included the relationship between severity of retinopathy and the predictors of cardiovascular complications.
Study population
A total of 903 consecutive hypertensive patients satisfying the study criteria were studied. The sample size was calculated based on the criteria laid down for health studies. 20 
Data collection and examination protocol
This study was done in accordance with the Declaration of Helsinki and the protocol was approved by the ethical and research committee of the University of Ibadan and University College Hospital, Ibadan, Nigeria. Written informed consent was obtained from all patients. Blood pressure and anthropometric measurements (height, weight, body mass index, hip-waist ratio) were measured using standardized protocols by the physician investigator.
Echocardiography was performed on 156 patients in view of the cost. Standardized measurements were taken as stipulated by the American Heart Association, European Association of Echocardiography, and other relevant cardiac committees. 21 Left ventricular hypertrophy (LVH) was considered present if the left ventricular mass index (LVMI) was ≥51 g/m 2 .
Left ventricular mass LVEDD PWTd
where LVEDD is the left ventricular (LV) end-diastolic diameter, PWTd is the diastolic posterior wall thickness, and SWTd is the diastolic septal wall thickness. LV mass is commonly indexed by the body surface area to define LVMI (g/m 2 ). Relative wall thickness (RWT) was calculated as:
where PWTd is the diastolic posterior wall thickness and LVEDD is the LV end-diastolic diameter. Increased wall thickness was present when RWT >0.45. LV geometry was stratified using LVMI and RWT: normal geometry was normal LVMI and RWT, concentric remodeling was normal LVMI and increased RWT, eccentric hypertrophy was increased LVMI and RWT <0.45, and concentric hypertrophy was increased LVMI and RWT ≥0.45.
Dilated fundoscopy with indirect ophthalmoscope and noncontact slit lamp biomicroscopy was done with topical 0.5% tropicamide on all patients by the ophthalmic investigator to determine the presence of retinal vascular lesions, such as retinal arteriolar narrowing, hemorrhages, cotton wool spots, exudates, arteriovenous nicking, vascular occlusions, and silver wiring and copper wiring of vessels. Fundus photographs of retinal vascular changes were taken with the Kowa portable fundus camera (Kowa Optimed Deutschland GmbH, Düsseldorf, Germany) and an iPhone 5 (Apple Inc., Cupertino, CA, USA) with 20 D lens adapted to capture retinal images. The data were recorded in the data sheet prepared for this study. Analysis was done using percentages and proportions. Statistical Packages for the Social Sciences (Version 21; IBM Corporation, Armonk, NY, USA) was used to test the strength of associations. 
Results
Nine hundred and three patients were studied. The mean age of the patients was 57 years with a male:female ratio of 1.
No retinopathy was found in 556 patients (61.5%). Of those with retinal vascular abnormalities, 175 (19.4%) had features of hypertensive retinopathy. Retinal vascular occlusion was a significant finding in 121 patients (13.4%), of which branch retinal vein occlusion, 43 (4.7%), and central retinal vein occlusion (CRVO), 30 (3.3%), were the most prominent ones in cases (Table 1) . Hemicentral retinal vein occlusion, 26 (2.9%), and central retinal artery occlusion, 17 (1.9%), were significant presentations. Two cases of combined retinal artery occlusion and vein occlusion occurred in uncontrolled hypertensive patients.
Hypertensive (HT) optic neuropathy with optic atrophy was found in 23 (2.5%) patients, while retinal artery macroaneurysm (RAM) was detected in eleven (1.2%) patients with poor blood pressure control (Figure 1 ). Other findings included nonarteritic anterior ischemic optic neuropathy, five (0.6%) patients; hypertensive choroidopathy, seven (0.8%) patients; and hemorrhagic choroidal detachment, five (0.6%) patients.
In the 156 patients who had echocardiography, we tried to find the relationship between ventricular geometry, wall thickness, and the severity of retinopathy. The LV geometry was abnormal in 85 (54.5%) subjects with the frequency of concentric remodeling, eccentric hypertrophy, and concentric hypertrophy in the subjects at 43 (27.6%), 26 (17.2%), and 15 (9.7%), respectively. Echographic LVH was found in 42 (27%) subjects, while 60 (39%) had increased RWT. There was a positive correlation between LV RWT and severity of retinopathy in both eyes in this study. Negative correlation existed between LVMI and retinopathy. There was no correlation between LV geometric pattern and retinopathy.
Discussion
This study revealed a significant level of hypertensive retinopathy and retinal vascular changes. Approximately 40% of the screened patients presented with retinal vascular changes due to systemic hypertension. There appeared to be a changing trend as a previous study from Ibadan found hypertensive retinopathy to be rare. 18 Ladipo 19 in Lagos found hypertensive retinopathy in >70% of 350 patients screened. Busari et al 22 in a recent report also found significant proportion of hypertensive retinopathy in Ilorin. Another report from a neighboring state found a prevalence of 11% 23 and confirmed significant proportion of the condition in Nigerians. It is not surprising to find a significant proportion in Ibadan.
Retinal vascular occlusion is another significant finding of our study. Studies showed a strong relationship between systemic hypertension and retinal vascular occlusion. The Eye Disease Case-Control Study Group found that having a medical history including hypertension increased the odds of having CRVO by 110%. 24 Hypertensive patients have atherosclerosis and arteriovenous crossing abnormalities predisposing to venous obstruction. In CRVO, the artery and vein share the same adventitia in the optic nerve where the arterosclerotic artery compresses the vein 25 ; this predisposes to thrombus formation in the vein. 26 Branch retinal vein occlusion results at arteriovenous crossings. Systemic hypertension is a risk factor. 27 Hemicentral retinal vein occlusion is an emerging presentation noted in this study. Congenital anomaly of the central retinal vein occurs, whereby the two quadrants from the superior retina and inferior retina each drain into separate veins before eventually entering the central retinal vein. Obstruction in either vein produces a hemicentral stasis seen as inferior or superior half widespread hemorrhages. 28 Retinal artery occlusion is a devastating condition producing profound visual loss. In some of our patients, a cilioretinal artery supplying the macular area was spared in the obstruction. Systemic hypertension is a risk factor for retinal artery occlusion. 
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Optic atrophy from HT optic neuropathy and ischemic optic neuropathy is found in our study. HT optic neuropathy is a recognized entity. Vasospasm and loss of autoregulation in anterior ciliary vessels occur in systemic hypertension. 30 Secondary optic atrophy is the end result.
RAM occurs in uncontrolled hypertensives. 31 Increased blood pressure causes damage to the retinal arteriolar vessel wall, thereby producing fusiform dilatation and eventual rupture. Most patients with RAM present with retinal and vitreous hemorrhage and retinal exudation that may extend to the macula with a resultant visual loss. Hypertensive choroidopathy occurs in severe hypertension and is characterized by macular star and exudative retinal detachment involving the posterior pole. 32 Hemorrhagic choroidal detachment was seen in two patients with severe hypertension. The condition is associated with severe hypertension. 33 The prognosis is very poor despite prompt surgical intervention to drain the blood.
There is a positive correlation between LV RWT and severity of retinopathy in both eyes in this study. In a nested case-control analysis of the Beaver Dam Eye Study, individuals with hypertensive retinopathy (retinal microaneurysms and retinal hemorrhages) were twice as likely to die from cardiovascular events as those without these signs. 34 Earlier 
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Hypertensive retinal vascular changes study from Asia showed no significant relationship between LVH severity and retinopathy 35 ; however, the presence of retinopathy in a hypertensive patient should alert the clinician about the risks of a fatal outcome.
Conclusion
Hypertensive retinopathy and retinal vascular changes are common in hypertensive patients in Ibadan. Regular eye examination is advocated. There should be greater communication between ophthalmologists and primary care physicians. This interdisciplinary cooperation will aid in identifying patients most at risk for visual loss and death, and therefore urgent candidates for the existing treatments.
